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(57) Abstract 

A method for producing animal ceils which contain a desired gene sequence which has been inserted into a predetermined 
gene sequence by homologous recombination. The method permits the production of animal cells which have subtle and precise 
modifications of gene sequence and expression. 
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WHAT Tfi r.T»T^pp ^- 



sequence inserted within a predet " in 7""''"°"' 
-i* cen-s ,e„o.e, „Hic. JtCrpres'^"^ " 

incubating a precursor cell wii-h „ 
containing said desired non-sIiHi " 
Wherein said DNA Bolecule adrti*. "'J"«ce, 
- hcolo,, WMC rrsired"""'"^ 
Which are su„icie„t to per.it said desireT: 
undergo homologous re=o^i„ation ^^ " Ja "'"^"^ '° 
sene sequence of said genoMe of said !l P«<»"er»i„ea 
B . :» iue or said precursor cell • 

B- causing said DNA molecule t« k • 
said precursor cell; introduced into 

-ergo^UCurr^^^^^^^^^^^ -cule . 

.ene sequence of said geno.e of saTd pr ^"^^^^^"^^ 
thereby produce said desired . i. Precursor cell to 

selectable gene seg^e ! JI'V'^"'" ^^^^ ^-^-^ non- 
P-.ete^ined gene srjeL; and '"^^"^^ 
D. recovering said desired cell. 

2. The method of claim i 

contains a detectable mark.. therein said dna molecule 

aoie marker gene sequence. 

3. The method of claim i 

introduced into said precursor' "eu T ^= 
-cursor cell and said OK. molecule to''rie:::^rlir^ 

P«cursr "l \ -p B, said 

is Simultaneously subjected to 
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electroporation with a second DNA molecule, said second DNA 
molecule containing a detectable marker gene sequence. 

5. The method of claim 1 wherein said desired cell is a 
non-fungal plant cell. 

6. The method of claim 1 wherein said desired cell is an 
animal cell. 

7. The method of claim 6 wherein said animal cell is a 
somatic cell. 

8. The method of claim 7 wherein said animal cell is of 
an animal selected from the group consisting of a chicken, 
a mouse, a rat, a hamster, a rabbit, a sheep, a goat, a 
fish, a pig, a cow or bull, a non-human primate and a human. 

9. The method of claim 6 wherein said animal cell is a 
plviripotent cell. 

10. The method of claim 9 wherein said animal cell is of 
an animal selected from the group consisting of a chicken, 
a mouse, a rat, a haunster, a rabbit, a sheep, a goat, a 
fish, a pig, a cow or bull, and a non-human primate. 

11. The method of claim 9 wherein said pluripotent cell 
is an embryonic stem cell. 
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12. The method of any one ot claims 1-3 wherein 
aes. ea ,e„e se.^ence is substantially ho.olo,ous ^o 
predetermined gene sequence of said precursor cell. 

13. The method of claim ij wherein said desired „ 
sequence .s an analog of said predetermined segutce o, sa"! 
precursor cell. «4uence or said 

14. The method of claim 12 wherein said desired „. 
sequence is a human analog of said nv.^.* desired gene 
s«d precursor cell. Predetermined sequence of 

15. The method of claim 12 wherein said desired ce„ • 
a non-human cell which e:,resses said desired gene se^eL 

16. The method of claim 12 wherein ^.ir, ^ • 
sequence encodes a «ro^ • ""^"^^ ^^^^ desired gene 

ci«-oaes a protein selected ^-.-^^ 4.w 

consisting of: a hormone, an immun ^ lobu' iT a rec!^ 
-Xecule, a ligand of a receptor moleolle, a:' an en.^ 

reco:.rnrrm':L^^^^^^^^^^ ~= " — - 

said desired gene seance k ' " '"^ '^"^ 
homology which are su^rcient o T "''""^ 

sequence to undergo h!ir ""'""^ 
nr»rt=^ undergo homologous recombination with a 

predetermined gene sequence of i-h. _ 

^ " of the genome of said cell. 

18. A non-human animal cell wk^^u ^ . 
recombinant DKA molecule cont ' introduced 

-d desired gene Te^Cer "eZ' '.1^ d^^ rreZH; 
homology Which are sufficient to permit said / ? 
sequence to undergo homologous \^Li:tron :L""' 
predetermined gene sequence of the genome of sa" cell 
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19. The desired cell produced by the methods of any one 
of claims 1-3. 

20. The desired cell produced by the method of claim 11. 

21. The desired cell produced by the method of claim 12. 

22. A non-human animal containing a cell derived from the 
desired cell of claim 19, wherein said animal is either a 
chimeric or a transgenic animal. 

23. The non-human animal of claim 22, wherein said animal 
and said desired cell are of the same species, and wherein 
said species is selected from the group consisting of: a 
chicken, a mouse, a rat, a hamster, a rabbit, a sheep, a 
goat, a fish, a pig, a cow or bull, and a non-human primate. 

24. A non-human animal containing a cell derived from the 
desired cell of claim 20, wherein said animal is either a 
chimeric or a transgenic animal. 

25. The non-human animal of claim 24, wherein said animal 
and said desired cell are of the same species, and wherein 
said species is selected from the group consisting of: a 
chicken, a mouse, a rat, a hamster, a rabbit, a sheep, a 
goat, a fish, a pig, a cow or bull, and a non-human primate. 

26. A non-human animal containing a cell derived from the 
desired cell of claim 21, or a descendant thereof, wherein 
said animal is either a chimeric or a transgenic animal. 
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27. The non-hufflan animal of claim 26, wherein said ania^i 
and said desired cell are of the same species, and wherein 
said species is selected from the group consisting of ^ 
chxcken, a mouse, a rat, a hamster, a rabbit, a sheep a 
goat, a fish, a pig, a cow or bull, and a non-human primate. 

28. A non-fungal plant containing a cell derived from the 
desired cell of claim 5, or a descendant thereof, wherein 
said non-fungal plant is either a chimeric or a transgenic 
plant. ^ 



29. A method of gene therapy which comprises introducing 
to a recipient in need of such therapy, a desired non- 
selectable gene sequence, said method comprising: 

A. providing to said recipient an effective amount 
of a DNA molecule containing said desired non-selectable 
gene sequence, wherein said DNA molecule additionally 
contains two regions of homology which flank said desired 
gene sequence, and which are sufficient to permit said 
desired gene sequence to undergo homologous recombination 
with a predetermined gene sequence present in a precursor 
cell of said recipient; 

B. permitting said DNA molecule to be introduced 
into said precursor cell; 

C. permitting said introduced DNA molecule to 
undergo homologous recombination with said predetermined 
gene sequence of said genome of said precursor cell to 
thereby produce a desired cell wherein said desired non- 
selectable gene sequence has been inserted into said 
predetermined gene sequence; and wherein the presence or 
expression of said introduced gene sequence in said cell of 
said recipient comprises said gene therapy. 
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30. The method of claim 29 wherein said recipient is a 
non-fungal plant. 

31* The method of claim 29 wherein said recipient is an 
animal* 

32. The method of claim 31 wherein said animal is 
selected from the group consisting of: a chicken, a mouse, 
a rat, a hamster, a rabbit, a sheep, a goat, a fish, a pig, 
a cow or bull, a non-human primate and a human. 

33. The method of claim 32, wherein said animal is a 
human. 

34. A method for obtaining a desired animal or non-fungal 
plant cell which contains a desired non-selectable gene 
sequence inserted within a predetermined gene sequence of 
said cell's genome, which method comprises: 

A. incubating a precursor cell vmder non-selective 
culture conditions, or under a first set of selective 
culture conditions, with a DNA molecule containing: 

i) said desired non-selectable gene sequence, 
wherein said DNA molecule additionally contains 
two regions of homology which flank said desired 
gene sequence, and which are sufficient to permit 
said desired gene sequence to vindergo homologous 
recombination with said predetermined gene 
sequence of said genome of said precursor cell; 
and 

ii) a selectable gene sequence whose presence or 
expression in said precursor cell can be selected 
for by culturing said cell under said first set 
of selective culture conditions, and whose 
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presence or expression in said precursor cell 
be selected against by culturing said cell nZT 
a second set of selective culture conditions- 

into DNA molecule to be introduced 

into said precursor cell; ° 

C. permittln, said introduced DHA molecule t„ 
undergo homologous recombination with said predetermin!! 
gene sequence o, said genome of said precursor ceU \^ 
thereby produce said desired cell wherein said desired L 
selectable gene seguence has been inserted into ] 
predetermined gene sequence; and 

D recovering said desired cell by culturing saia 
cell under said first set of selective culture conditio 

recol" ' *° intraohromosoma; 

recombination under non-selective culture conditions, and ^ 
then incubating said cell under said second set of selecti« 
culture conditions. 

35. The method of claim 34, wherein said cell is 
deficient in hprt en.yme, and wherein said selectable gen. 
seguence expresses an active WRX enzyme, and wherein said 
first set Of selective culture conditions comprises 
incubation of said cell under conditions in which the 
presence of an active HPRT enryme in said cell is required 
for growth, and wherein said second set of selective culture 
conditions comprises incubation of said cell under 
conditions in which the absence of an active HPKT enzyme in 
said cell is required for growth. 

36. The method of claim u. wherein said cell is 
deficient in aprt enzyme, and wherein said selectable gene 
sequence expresses an active APRT enzyme, and wherein said 
first set Of selective culture conditions ccprises 



